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Description 

[0001 J The present invention pertains to the field of 
smoothing devices for video images and, in particular, 
to a smoothing device which applies a smoothing func- 5 
tion to the brightness of video images and allows the 
function to be tailored to the specific requirements of a 
particular production process and projection system. It 
is of particular value for oisplays in which several video 
images overlap. to 
[0002] U.S. Patent Application Serial No. 143,870, 
filed January 14, 1988 (US Patent Number 4,974,073), 
describes a method and apparatus for projecting a 
seamless display produced from multiple video projec- 
tors all focused on a single screen. The image from is 
each projector is projected so that it overlaps a portion 
of the image from another projector. In order to elimi- 
nate the bright bands or seams which result in the areas 
where two images overlap, the brightness of the over- 
lapping portions of the images is ramped. This is done 20 
using commercially available special effects generators. 
While, in theory, the uniform, even ramping function of a 
typical special effects generator, when applied to the 
edges of each image, would result in a smooth transi- 
tion from one image to another, in practice, the bright- 25 
ness of the projected images is not smooth nor 
consistent. The image from a video projector becomes 
darker toward the edges of the image as a natural func- 
tion of the lens system used, and has a number of bright 
and dark portions caused by normal inegularities in the 30 
signal, intermediate signal processors, the projector, 
the projector's phosphors, screen reflectance, and 
many other factors. These inconsistencies will vary from 
one video component to another, and even among dif- 
ferent components with identical constructions. In addi- 35 
tion, different types of projectors respond differently to 
the same amount of brightness modification. As a 
result, the apparent image produced by smoothly ramp- 
ing the brightness of overlapping images usually has 
several light and dark bands and spots. Accordingly, 40 
there is a need for a smoothing device which allows a 
user to precisely adjust the smoothing curve with which 
video brightness signals are ramped throughout the 
overlapping region and in neighboring areas as well. 
Such a smoothing device should be able to compensate 45 
for anomalies in individual projection systems and for 
differences between projection system sensitivity. 
[0003] Apparatus for smoothing the brightness of a 
video image having the features of the first parts of 
claims 9 and 10 are known from JP-A-2228180, so 
describing a luminosity correction circuit containing a 
one dimensional memory capable of holding brightness 
elements for a single horizontal scanning fine. A method 
for smoothing the brightness of two adjoining overlap- 
ping video images having the features of the first part of 55 
claim 1 is known from 1988 SID International Sympo- 
sium, Digest of Technical Papers, pages 109-112, 
describing a remote control for operating a plurality of 



projectors through dials. A remote control terminal is 
described, used to make selections and adjust parame- 
ters of the muttiprojector system, such as alignment, 
focusing, or edge blending. 

[0004] It is the obj ect of the present invention to pro- 
vide an improved apparatus and an improved method 
for smoothing the brightness. 
[0005] The present invention allows the brightness 
of an image to be precisely adjusted from detail element 
to detail element across an entire video image. Coarse 
adjustments can be made to parameters of the bright- 
ness ramping curve, while fine adjustments can be 
made for specific detail elements to correct artifacts 
generated by the video components. 
[0006] This object is solved with a method having 
the features of claim 1, an apparatus having the fea- 
tures of one of claims 9 or 10, or by a memory having 
the features of daim 8. 

[0007] Preferable embodiments form the subject 
matter of the subclaims. 

[0008] In one embodiment, the invention encom- 
passes a method for smoothing the brightness of two 
adjoining overlapping video images produced from two 
discrete video signals which each have a plurality of 
detail elements each with a brightness component. The 
method comprises applying a predetermined set of 
smoothing factors to the brightness components of the 
detail elements of the two signals, projecting the images 
as modified by the smoothing factors onto a display, 
modifying selected smoothing factors in response to the 
appearance of the projected display, and, finally, storing 
a representation of the smoothing factor modifications. 
[0009] The invention allows a seamless multiple 
video image display to appear more consistent and uni- 
form in brightness than a conventional single video 
image display. As a result, it is useful not only for dis- 
plays with multiple overlapping video images, but also 
for smoothing the brightness of a single video image. 
[001 0] These and other aspects of the invention will 
be more fully understood by referring to the following 
detailed description and the accompanying drawings 
wherein: 

FIG. 1 is a block diagram of a projection system 
incorporating the present invention; 
FIG. 2 is a diagram of a screen illustrating the spa- 
tial relationship of individual smoothing curves to 
the projected image on the screen for use in the 
present invention; 

FIG. 3 is a block diagram of a smoothing device 
according to the present invention; 
FIG. 4A is a graphical representation of two 
smoothing curves for the overlapping portions of 
two discrete video images as a function of bright- 
ness amplitude versus image location; 
FIG. 4B is a graphical illustration of the smoothing 
curves of FIG. 4A in which the intersection of the 
curves has been translated; 
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FIG. 4C is a graphical illustration of the smoothing 
curves of FIG. 4A in which the points of departure 
have been translated; 

FIG. 4D is a graphical illustration of the smoothing 
curves of FIG. 4A in which the slope of the right 
side curve is increased; 

FIG. 4E is a graphical illustration of the smoothing 

curves of FIG. 4A indicating the position of pre* 

ferred adjustable curve parameters; 

FIG. 5 is a graphical illustration of a smoothing 

curve for the edge of one video image with a cursor 

superimposed for indicating the location of a detail 

element; 

FIG. 6 is a graphical illustration of two smoothing 
curves for the overlapping portions of two images 
after a fine-tuning process; and 
FIG. 7 is a graphical illustration of two alternate 
smoothing curves as a function of brightness ampli- 
tude vs. image location. 

[0011] A typical multiple image seamless video 
screen projection system combines two or more dis- 
crete video signals and projects them all onto a single 
screen. Any number of video images may be combined 
horizontally, vertically, or in diagonal directions to create 
an image with the desired proportions. A typical format 
is to combine three images side-by-side to obtain a 
standard height image with more than twice the stand- 
ard width. Such a system uses three video signal gener- 
ators 10A, 10B, 10C regulated by a synchronizer 12 
(see FIG. 1). The signal generator may be a camera, a 
receiver or some kind of playback device, for example, a 
videotape, a laser disk player or a computer. The gener- 
ated video signals are all fed to a smoothing device or 
ramp generator 14 which ramps the brightness of the 
signals and sends them further to three tfscrete video 
projectors 16A, 16B. 16C. The projectors project the 
images corresponding to the ramped video signals onto 
a single screen 18 for display. The projectors may be 
electron guns which project images onto a phosphorous 
screen, cathode ray tube or liquid crystal regulated pro- 
jectors which cast light on a reflective or transparent 
screen or any other type of video projector and screen 
system. The video signal generators, the synchronizer, 
the projectors, and the screen for a typical multiple- 
image seamless video display can alt be standard off- 
the-shelf components commonly available on the mar- 
ket. For optimum resolution and durability, it is currently 
preferred that the signal generators be laser disk play- 
ers, and that a scan doubler for each projector be used 
to enhance the resolution of the images projected onto 
the screen. A ramp generator can be provided by spe- 
cial effects generators, also commonly available on the 
market. However, in the present invention, it is preferred 
that a specialty dedicated, tunable ramp generator con- 
trolled by a miaocomputer 20 be used. The microcom- 
puter includes a monitor 20A and a keyboard 20B. The 
keyboard allows the user to provide instructions to the 



microcomputer and can include or be replaced by a 
mouse, trackball, pen or other input device. A multiple 
image video projection system using special effects 
generators is described in U.S. patent application Serial 
5 No. 07/143,870, filed January 14, 1988 (US Patent 
Number 4,974,073), and assigned to the assignee of 
the present invention. 

[0012] An alternative arrangement is to apply the 
smoothing curves to the video signal when a video 

w show is under production, and then to store the ramped 
signals on a video laser disk or tape. The projection sys- 
tem then does not require a smoothing device during 
projection as the signals are already ramped. A second 
alternative is to transmit the signals from the smoothing 

15 device to a transmitter. The signals are then received in 
a remote location at which there is no smoothing device 
and projected directly onto a screen. 
[0013] The apparent displayed image produced as 
shown in FIG. 1 is made up of three discrete video 

20 images 22A, 22B, 22C, each individually synchronously 
projected on the screen 18 (see FIG. 2). This allows an 
image almost three times the size of a conventional 
image with nearly three times the resolution of a single 
image. To smooth the transitions between the three 

25 images, the images have overlaps 24A, 24B. Because 
the same image is projected onto the same portion of 
the screen twice, these overlapping areas or seams 
appear significantly brighter than the neighboring 
regions of the apparent image. An important function of 

30 the smoothing device is to counteract this effect by ram- 
ping the brightness of the image in the seams. To do 
this, a ramping function or smoothing curve 26A, 26B, 
26C (shown in FIG. 2 as a function of brightness ampli- 
tude versus screen or image location) is applied to each 

35 video signal before it is received by the corresponding 
projector. A typical NTSC video signal is made up of a 
series of scan lines 28A, 28B, 28C which trace an 
image horizontally across the screen. Hundreds of scan 
lines are traced one below the other until the bottom of 

40 the screen is reached and the entire video image is 
traced out In a typical three image seamless display, 
the smoothing curves are simply applied to the bright- 
ness component signal of each scan line to achieve a 
relatively uniform, horizontal reduction in brightness in 

45 the overlapping portions of the images. The smoothing 
curves of FIG. 2 are illustrated beneath the portion of 
the scan line which they would affect 
[0014] Referring to FIG. 3, a preferred embodiment 
of a tunable smoothing device 1 4 particularly suited to a 

so three-image-wide projection system includes a control- 
ler card 29 and three discrete brightness adjustment 
cards, one for each image channel, left 30A, center 30B 
and right 30C. Video signals from the video signal gen- 
erators are received in each card by an input port 32. 

55 The input port transmits the video signal to an input 
buffer 34 which conditions the signal, isolates the 
incoming video line, and performs the necessary buffer- 
ing. From the input buffer, the signal is transmitted to a 
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sync separator 36 and a multiplier 38. The sync separa- 
tor detects synchronization signals in the video signal 
and generates a pulse for each synchronization signal. 
In a standard NTSC video signal, each scan line is pre- 
ceded by a horizontal synchronization signal. By detect- 
ing the horizontal synchronization signals, the sync 
separator can determine the beginning of each scan 
line. The synchronization separator can also detect ver- 
tical synchronization signals which mark the beginning 
of each scan line field. Typically, there are two fields per 
image. The synchronization separator generates a dif- 
ferent pulse for each vertical synchronization signal. 
When the synchronization separator has detected a 
horizontal synchronization signal, it sends a pulse to a 
phase-locked loop 38. The phase-locked loop functions 
as a clock and generates 512 pulses following each hor- 
izontal synchronization signal. The video signal can be 
thought of as having 512 detail elements or picture ele- 
ments (pixels) per scan line, so that the sync separator, 
together with the phase-locked loop, generate one 
pulse per pixel. The pulses transmitted by the phase- 
locked loop identify each pixel for each scan line. This 
pixel identification signal is sent to a sequencer 42. 
[OOi 51 The sequencer is used to access one port of 
a dual-port 512 by 8 bit random access memory (RAM). 
At the beginning of each scan line, the sequencer resets 
to address 0. As it receives pixel identification signals as 
pulses from the phase-locked loop, it sequences RAM 
addresses one per pulse from 0 to 511, sequentially 
addressing each of the 512 memory registers in the 
dual-port RAM. Each of the 512 registers in the dual- 
port RAM contains a smoothing factor. Each smoothing 
factor is associated with a specific pixel in the scan line. 
As the sequencer counts through addresses 0 through 
51 1 , it accesses the smoothing factor which is associ- 
ated with each pixel horizontally across the scan line 
from 1 to 512 as that pixel is passing to the multiplier 40. 
The smoothing factors are preferably a digital number, 
the amplitude of which indicates a specific brightness 
adjustment or scaling factor which is to be applied to the 
pixel. The smoothing factor can be applied to attenuate 
or to amplify the brightness component of the corre- 
sponding pixel. H is presently preferred that each 
smoothing factor be 8 bits, allowing for 255 brightness 
levels from complete darkness to full brightness. The 
256th level is a cursor signal as explained below. The 8- 
btt smoothing factor words are sent to a digital-to-ana- 
log converter 46 which converts the digital brightness 
adjustment word to an analog signal. The analog signal 
is then sent to the multiplier to be multiplied with the 
appropriate pixel. Any of the large variety of digital-to- 
analog converters known in the art may be used to con- 
vert the smoothing factor words to analog factors. How- 
ever, it is preferred that the digital-to-analog converter 
incorporate some oversampling in order to smooth the 
transitions from one word to another in the analog signal 
which is transmitted to the multiplier. 
[0016] After the smoothing factors have been 



applied in the multiplier, the adjusted video signal is fur- 
ther transmitted to an output driver 48 which buffers the 
output signal, matches impedances, and sends it to the 
output port 50 and on to the corresponding projector. 

5 Each brightness adjustment card can receive video sig- 
nals from virtually any source and transmit them to any 
receiver. While it is presently preferred that the cards be 
used as the smoothing device in the projection arrange- 
ment shown in FIG. 1 , the cards can be used during 

10 filming, production, post production, broadcasting or 
any other step leading to the display of video images. 
[0017] The brightness adjustment card, using only 
a 512 by 8 bit RAM, allows very precise (255 shades) 
control of the brightness of each incfividual pixel in a 

is scan line. Conventional digital circuitry is quick enough 
that all of the brightness ramping can be done in real 
time in the video signal's path to the projector. Bright- 
ness adjustments are not limited to image seams, but 
can be made to any portion of an image. 

20 [0018] The pulse generated by the sync separator 
in response to each vertical synchronization signal is 
sent to an inhibitor 51 . In an NTSC signal there is a time 
delay between scan lines when the vertical synchroni- 
zation signal is transmitted. The inhibitor prevents 

25 smoothing factors from the digital to analog converter 
from being applied to the vertical synchronization sig- 
nals by inhibiting the transmission of the smoothing fac- 
tors to the multiplier. After the next horizontal 
synchronization signal is received, the inhibitor is shut 

30 off and smoothing factors pass to the multiplier for appli- 
cation to the video signal as described above. 
[0019] The brightness adjustment card may be 
modified in a variety of ways to accomplish different 
ends. The preferred embodiment described above is 

35 particularly well suited for application to NTSC signals. 
If finer or coarser control of the ramp function is desired, 
the frequency of the phase-locked loop can be varied. It 
is not necessary for 512 smoothing factor words to be 
accessed for each scan line on the screen. Since the 

40 brightness ramping curve applied in the multiplier is an 
analog curve, more or fewer words can be used to gen- 
erate the curve. Different size detail elements may be 
chosen instead. Fa example, in some applications, 256 
or fewer words per scan line may be sufficient, while in 

45 other applications, it may be preferred to generate 1 024 
or more smoothing factors per scan line. The number of 
pulses generated by the phase locked loop per synchro- 
nization signal and the number of registers in the RAM 
can easily be adjusted to suit specific needs. Intermedi- 

50 ate words can be generated for application to intermedi- 
ate pixels through oversampling. 
[0020] In addition, the dual-port RAM can be 
expanded to contain a unique set of smoothing factor 
words for each horizontal scan line. In that case, the 

55 sync separator and phase-locked loop would work in 
essentially the same way. However, the sequencer 
would then generate a continuous stream of addresses 
from the first pixel in an image to the last pixel in an 



4 



7 



EP0556 304B1 



8 



image, accessing a different memory register each 
time. In an NTSC signal, this can easily be done by 
adapting the sync separator to detect vertical synchroni- 
zation signals and send a reset pulse to the sequencer 
at the start of each image. In this way, both horizontal 
and vertical ramping can be accommodated. 
[0021 ] The ramp generator can also be adapted for 
digital video. In such a case, the sync separator and 
phase-locked loop detect identification headers for dig- 
ital pixel words and address the appropriate registers in 
the RAM. The RAM transmits smoothing factors directly 
to a multiplier which then multiplies the digital smooth- 
ing factor word with the digital pixel brightness compo- 
nent and the composite word is then transmitted via the 
output port. The digital-to-analog converter is, of 
course, then unnecessary, although an interpolating 
device may be desired to generate intermediate 
smoothing factor words. 

[0022] As explained in more detail below, it is some- 
times desired to project a cursor onto the screen. Each 
brightness adjustment card 30A, therefore, includes a 
cursor detector function. Instead of using all of the pos- 
sible 256 levels of brightness adjustment allowed by the 
8-bit word in the dual-port RAM, only 255 are used. The 
256th level is a cursor generator word. When the word 
256 occurs at the output of the dual-port ram, a cursor 
detector 52 which listens to the RAM output detects the 
cursor signal word and sends a signal to a switch 54. 
The switch replaces the pixel with which the cursor sig- 
nal word is associated with a medium white pixel. Since 
the same cursor generator word is addressed for every 
scan line, a single cursor generator word in the dual- 
port RAM will result in a vertical cursor line extending 
the entire height of the apparent image on the projected 
display. More cursors may be projected by storing more 
cursor signal words in the RAM. 
[0023] By storing a smoothing factor for adjusting 
the brightness of each detail element in an image, the 
dual-port RAM allows very precise control of image 
brightness. The RAM also allows for the smoothing fac- 
tors to be easily replaced with different smoothing fac- 
tors to suit different applications. The other port of the 
dual-port RAM is connected to the controller card 29 via 
an address and data bus 56 which connects the RAM to 
a microcontroller 54. The microcontroller is, in turn, cou- 
pled to a nonvolatile memory 56, and through an inter- 
face 58 to the microcomputer 20. 
[0024] In use. the smoothing factors are generated 
by the microcomputer 20. The microcomputer down- 
loads the smoothing factors for each brightness adjust- 
ment card through the interface to the miaocontroller, 
which then stores these factors in its nonvolatile mem- 
ory. When the ramp generator is turned on, the micro- 
controller accesses the smoothing factor values in its 
nonvolatile memory and stores them in the appropriate 
registers of the corresponding RAM for each brightness 
adjustment card 30. As the system is operated, the 
smoothing factors stored on the RAM for each card are 



used to adjust the brightness of the images as they are 
received, as described above. However, any time during 
the device's use, the microcomputer can transmit a new 
smoothing factor, or a new set of smoothing factors, to 

5 the microcontroller which then stores the new smooth- 
ing factors in its nonvolatile storage and in the dual-port 
RAM for the appropriate brightness adjustment card. In 
this way, the microcomputer precisely controls the ram- 
ping, as well as the cursor location almost instantane- 

w ously. 

[0025] The microcomputer used for computing the 
smoothing factors is preferably a conventional, general 
purpose digital microcomputer or personal computer 
with a keyboard, an output port, and a display monitor, 

is although a large variety of general purpose or specially 
dedicated hardware can be used instead. It is preferred 
that all of the smoothing factors be computed by the 
microcomputer using software written specifically for 
that task. The software is descrtoed in more detail 

20 below. The microcomputer communicates the smooth- 
ing factors through a conventional serial RS232 port 
and through a conventional interface to the microcon- 
troller. Presently, a Motorola 6809 microcontroller is 
used, although a Zilog Z1 80 may be preferred. The non- 
25 volatile storage is preferably conventional EEPROM, 
although a battery-backed RAM or other nonvolatile 
storage device may also be used. 
[0026] To generate the ramping curve and therefore 
the smoothing factors for a particular projector setup 

so using the present invention, first, the projectors, video 
signal sources, tunable smoothing device, synchronizer 
and screen are coupled together. The projectors are 
aligned so that they each project a separate image onto 
the screen with the appropriate amount of overlap 

35 between images. The microcomputer is coupled to the 
smoothing device and, initially, sends a smoothing fac- 
tor word of 254 to every register of the brightness 
adjustment cards 30. For a three-projector setup, such 
as that shown in FIG. 1 , three sets of data are commu- 

40 nicated to the microprocessor, and the microprocessor 
downloads the data into the respective card for each 
projector. Number 254, stored in each register, indi- 
cates that no amplitude adjustment is to be made to the 
brightness component of any of the detail elements of 

as any video signal i.e. that unity gain is applied to the 
video signal. 

[0027] Next, the raster edges are defined for each 
projector. Some projection systems will generate arti- 
facts at the edges of their projected image. The effect is 

50 well known and is caused, in part, by nonitnearities in 
the projector and video signal components. The present 
invention allows the edges of the screen to be masked, 
in effect. By projecting a single image on the screen, the 
artifacts for that image can easily be seen. The micro- 

55 computer, through the keyboard, is instructed to load a 
zero smoothing factor into the memory for each pixel 
which is distorted by the artifacts or any other anoma- 
lies. In a typical 512-pixel screen, five to ten pixels on 
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either end o1 the image may be cut off in this process. 
The zero smoothing factor is stored as a brightness 
adjustment factor. When it is applied to the pixel with 
which it corresponds, it virtually nullifies the brightness 
component of the video signal in that pixel, masking the 
defective portion of the image. 
[0028J The process is made easier by the cursor 
generating function of the ramp generator. Through the 
cursor arrow keys on the microcomputer keyboard, the 
user moves a cursor displayed on the image into align- 
ment with a defective portion of the image. The software 
moves the cursor by changing the RAM register in 
which the cursor generator word is stored. When the 
cursor indicates the defective pixel, the user instructs 
the microcomputer through the keyboard to generate a 
zero smoothing factor for that pixel. The zero smoothing 
factor is downloaded immediately to the corresponding 
brightness adjustment card so that the user can quickly 
determine whether the defect has been masked. If not, 
the cursor is moved and the brightness of the next pixel 
is zeroed until the defect is completeiy masked. The 
smoothing factors and cursor can also be displayed on 
the microcomputer monitor during this process in the 
format of FIG. 5 as described below. 
[0029] Next, the line of symmetry for each overlap is 
defined. Identifying the center of each overlap region or 
line of symmetry defines some parameters of the 
smoothing curve for each overlap. This can be done in a 
variety of ways. It is presently preferred that the micro- 
computer calculate the center of each image after the 
raster edges have been trimmed, and instruct the ramp 
generator to project a cursor in the center of each 
image. The user then moves the cursors of adjoining 
screens, using the cursor arrow keys on the keyboard, 
toward each other until they meet. When the cursors 
overlap on the screen, the line of symmetry has been 
located. The computer is then informed that the line of 
symmetry has been found for the overlap area, and it 
then calculates a smoothing curve for the image overlap 
region based on the line of symmetry and its relation- 
ship to the trimmed end of each scan line. 
[0030] A preferred form of a standard smoothing 
curve is shown in FIG. 4A. An equation for such a curve 
can be included in the microcomputer software to allow 
the curve to be generated mathematically each time, or 
a series of curves with different parameters can be 
stored in the software in a look-up table. The curve 
shown in FIG. 4A is preferably generated by the micro- 
computer using the following equation: 

v 16k-5m 2 t 14m-32k 3 16k-8m 4 

f M = o— x + 3 — x + — x 

v v v 

where x is the horizontal distance across the screen or 
image location, f(x) is the smoothing factor word value 
or brightness, m is the maximum smoothing factor word 
value, in this case 254, v is the number of pixels in the 



overlap region after trimming the raster edges and k is 
the value of f(x) at the horizontal midpoint of the overlap 
region, v and k can be adjusted to suit particular appli- 
cations as explained below; however, rf k/m is less than 

5 about 0.3 or greater than about 0.7, the formula above 
creates discontinuities in the curve. The portion of the 
curve outside the overlap region is flat, i.e. , f(x)=m . 
[0031] To begin fine-tuning the smoothing curve, a 
standard smoothing or ramping curve is downloaded by 

10 the microcomputer into the smoothing device and into 
the RAM registers for each card. The smoothing curve 
is not applied to the previously trimmed raster edges. 
An image can then be projected from the ramped video 
signals onto the screen. At the same time, the micro- 

is computer displays a graphical representation similar to 
that of FIG. 4A on its own monitor. FIG. 4A shows a por- 
tion of two smoothing curves for the intersection of two 
images, a left image curve 26A and a center image 
curve 26B. Similar to FIG. 2, FIG. 4A represents the 

20 smoothing curves as a plot of brightness or smoothing 
factor amplitude on the vertical axis, and screen posi- 
tion or image location on the horizontal axis. 
[0032] The brightness of the left image is attenu- 
ated as it reaches its right boundary on the screen, and 

25 the brightness of the center image is attenuated as it 
reaches its left boundary or edge on the screen. The left 
image smoothing curve 26A has a flat portion 70 on the 
left side of FIG. 4A through which the projector's bright- 
ness is unaffected (unity gain). The flat section extends 

30 to a point of departure 72 at the edge of the image over- 
lap. This point may be a point of inflection in some 
cases, but in the illustrated curve it is the point at which 
the curve departs from horizontal. From the point of 
departure, the smoothing factors are decreased 

35 (decreasing gain) so that the brightness of the left 
image is reduced until the ramping curve reaches its 
zero intercept 74 at the opposite end of the overlap. The 
right image similarly has a flat section 76 where the 
smoothing factors have a maximum amplitude, and the 

40 projected brightness is a maximum until a point of 
departure 78, which coincides with the beginning of the 
overlap area. The smoothing factor amplitude then 
decreases down to a zero intercept 80 at its extreme left 
end. The curves have an intersection 82 at which the 

45 smoothing factors which correspond to overlapping pix- 
els for the left and center images have the same ampli- 
tude. Ideally, that amplitude adjusts the video signal 
brightness so that the two projectors will generate pre- 
cisely half the brightness generated for the unity gain 

so regions. 70, 76. It is preferred that the microcomputer 
software allow for the entire ramping function to be dis- 
played in whole and in parts on its monitor in a format 
similar to that shown in FIGS. 4 to 7. 
[0033] By observing the projected image when the 

55 standard curve has been applied, the user can make a 
number of coarse adjustments to the smoothness of the 
overall image. For example, the smoothing curves can 
be translated from side to side. M the center of each 
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overlap or seam is brighter than its edges, the intersec- 
tion 82 of the two curves can be decreased in ampli- 
tude. In FIG. 4B, the parameter k has been reduced on 
both curves to lower the intersection. It, on the other 
hand, the edges on either side of the overlap are 5 
brighter than the overlap, then the points of departure 
72, 78 can be moved further apart from each other. In 
FIG. 4C, the parameter v has been increased on both 
curves to move the points of departure further apart. 
The curves can also be adjusted independently if it w 
appears that the falloff characteristics for the brightness 
of one projector or video signal differ from that of 
another. If, for example, the center image projector does 
not respond to the smoothing factors as well as the left 
image projector, this can be compensated for by draw- 75 
ing down the smoothing factor amplitudes for the entire 
overlap portion of the center image 26B. In FIG. 4D the 
parameter k has been reduced on only the center curve 
26B. 

[0034] It is preferred that there be a specific set of 20 
curve parameters which can be moved both up and 
down in amplitude, and left and right in screen location, 
to adjust each curve to achieve the best smoothing 
effect for the particular display components involved. 
Examples of preferred adjustable parameters are indi- 25 
cated by boxes in FIG. 4E. The adjustable parameters 
preferably include the points of departure 72, 78, the 
intersection 82, the zero intercepts 74, 80, as well as a 
lower arm midpoint 84 and an upper arm midpoint 86. 
The microcomputer can be programmed so that the 30 
user may move any of these parameters up, down, left, 
or right using the keyboard. The slope of any of the 
curves is affected by moving these parameters. The 
computer replots the standard curve by adjusting 
smoothing factors so that the curve smoothly intersects 35 
the redefined curve parameters and the continuity of the 
curves is maintained. The replotted curve results in a' 
new set of smoothing factors calculated by the compu- 
ter and transmitted to the smoothing device. The 
smoothing device allows the results of the coarse 40 
adjustment to be viewed instantly on the screen. The 
microcomputer is preferably programmed to display a 
representation of the replotted curves on its monitor. 
[0035] The coarse level adjustments are not limited, 
of course, to the overlap area. Since the ramp generator 45 
stores a smoothing factor for every pixel across the 
entire width of the screen, smoothing factors can be 
applied to other portions of the image, as well. For 
example, most displays which rely on optical lenses to 
produce an image are brighter in the center of the so 
image than they are towards the ends of the image. In 
normal viewing, this is not a problem because the 
human eye easily accepts the diminishing brightness 
towards the edges of the image. However, when several 
images are projected side-by-side, the eye sees a grad- 55 
ual increase in brightness toward the centers of the 
three images, and a reduction in brightness towards the 
overlap areas. A consistent brightness all the way 



across the screen can be achieved by defining a curve 
parameter near the center of the screen and drawing 
this parameter down between the points of departure 
until the center of each image is no brighter than the 
overlap areas. Drawing the center curve parameter 
down causes the computer to replot the curves by 
adjusting the smoothing factors to reach a local mini- 
mum at the center of the image, gradually increasing 
toward the points of departure at the overlap areas and 
then decreasing again. 

[0036] After the coarse tuning is completed, specific 
points along the curve can be adjusted individually. The 
coarse tuning process is effective to overcome smooth 
and gradual problems in image brightness. However, 
many projection systems display aberrational behavior 
only at specific points. As a result, specific portions of 
an image may be cfistinctJy brighter or dimmer than 
other portions of an image. This is particularly common 
towards the edges of an image which coincide with the 
overlap regions, although the present invention allows 
adjustments to be made across the entire image. To 
fine-tune specific smoothing factors for specific detail 
elements, for example, pixels, or for specific groups of 
pixels, the microcomputer causes a cursor to be dis- 
played on the screen. Preferably, as with ooarse tuning, 
the microcomputer displays a representation of the 
smoothing curve being applied at the time and the cur- 
sor 88 on its monitor in a format similar to that shown in 
FIG. 5. Different portions of the smoothing curve can be 
viewed by moving the cursor. Cursor arrows on the 
microcomputer keyboard can be used to move the cur- 
sor until it indicates the pixels at a problem area for an 
image. The smoothing factor associated with the partic- 
ular pixel indicated by the cursor can then be adjusted 
up or down through the keyboard to compensate for the 
problem. Neighboring pixels can be adjusted by moving 
the cursor to indicate the neighboring pixels and adjust- 
ing the smoothing factors corresponding to those pixels. 
This process can be continued until ail visible artifacts 
have been effectively removed or masked. The process 
can be done for one particular image using one projec- 
tor alone, and with all projectors operating simultane- 
ously. Using one projector alone offers the advantage 
that artifacts produced by one projector in an overlap 
region can be isolated and corrected without affecting 
the overlapping image from the neighboring projector. 
[0037] Coarser tuning can also be performed using 
the cursor and adjusting several smoothing factors 
together. Using the monitor, acflustments to individual 
smoothing factors show up not only as a change in the 
appearance of the apparent image on the screen, but 
also as a change in the curve displayed on the micro- 
computer monitor (see FIG. 5). After the coarse tuning 
and fine tuning processes are completed, the final curve 
may be quite different from the standard curve that was 
used as a starting point (see, e.g., FIG. 6). 
[0038] While the curves shown in FIG. 4 are pre- 
ferred for many applications, in some applications a dif- 
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ferent curve is preferred. This curve is shown roughly in 
FIG. 7. It is presently preferred that the microcomputer 
be programmed to generate both curves so that the 
curve selection can be made by trial and error while the 
curves are being applied to the projected image. The 5 
curves described herein work well in a projection 
arrangement such as that shown in FIG. 1 . Other curves 
may work better for other purposes. The curve of FIG. 7 
is generated by the equation: 

10 

f(x) = m(x/v) 1/9 

where f(x), m, x and v are defined as for FIGS. 4 and g 
is a parameter which determines the curvature of the 
curve, v and g can be adjusted to coarse tune the curve, ts 
The curve is modified at its end points as x approaches 
zero by superimposing the modification that: 

f(x)=^f(x+1)forOsxsn 

20 

n is typically chosen to be about eight so that the 
smoothing factor values for the last eight pixels are 
adjusted downward The effect of this adjustment is 
clearly shown in FIG. 7. As with the curve of FIG. 4A the 
portion beyond the overlap region is flat. i.e.. f(x)=m . 2s 
[0039] The final tuned curves are stored in the 
microcontroller's nonvolatile storage and saved there for 
future use. They can also be stored in the microcom- 
puter. The microcomputer can be disconnected from the 
ramp generator and used to calforate other ramp gener- 30 
ators. When the projection system is powered on, the 
microcontroller accesses the stored fine-tuned curves in 
its nonvolatile memory, downloads these into the corre- 
sponding card for each image channel, and projection 
can begin. With conventional cathode ray tube-based 35 
video projectors, the characteristics of the projector 
change over time. It is preferred that the smoothing fac- 
tors be recalibrated periodically. This is easily done by 
reconnecting the microcomputer and making coarse 
and fine tuning adjustments as described above. *o 
[0040] Although it is preferred that the smoothing 
factors be precisely calibrated for each individual pro- 
jection arrangement, H a lower quality of smoothness is 
acceptable, this may not be necessary. Instead, a single 
set of fixed smoothing curves can be stored in the non- 45 
volatile memory. For greater control, a standardized set 
of smoothing curves for different projector, video player, 
and screen combinations can be prepared and then 
stored in the controller card's nonvolatile memory. A 
switch can be provided on the smoothing device nous- 50 
ing to select the smoothing curve corresponding to the 
projection arrangement being used. The user then sim- 
ply sets the switch for his projector setup and connects 
the apparatus. An adequate, but not optimum, ramp 
function is then applied to the video signals. Alterna- 55 
tively, the nonvolatile memory can be provided on a sin- 
gle separate ch'rp with the smoothing factors burned in 
or permanently stored in some other way. The ramp 



functions can then be replaced by replacing the mem- 
ory chip. 

[0041] Many video signals have separate bright- 
ness components for each color. A typical NTSC video 
projection system will have a unique brightness signal 
for red, green, and blue. A typical projector will behave 
differently for each color. If the smoothness across the 
combined apparent image screen is optimized with an 
image that is primarily blue or white, then when a prima- 
rily red image appears, the apparent image will no 
longer appear as smooth. Since in a typical projector, 
red, green, and blue portions of the image are gener- 
ated by different parts of the projector, each color will 
have different artifacts and nonlinearities. The smooth- 
ing device of the present invention can also be provided 
with a separate brightness adjustment card for each 
color component of the video signal, and with minor 
modifications to the input buffer to demultiplex the color 
components of the signals. With this arrangement, nine 
cards of the type shown in FIG. 3 are required for a 
three-projector system. Each card is assigned to a spe- 
cific color and a specific image. The same tuning proc- 
ess described above is applied for each color by 
projecting an image consisting primarily or exclusively 
of the conesponding color, and then making the 
smoothing factor adjustments. 
[0042] The specific hardware configuration shown 
in FIG. 3 is not necessary to practice the present inven- 
tion, but is provided only by way of example. Three, nine 
or more brightness adjustment cards can be combined 
on a single printed circuit board or in a single integrated 
circuit chip. The controller card can also be integrated 
with one or more brightness adjustment cards. The 
described embodiment is preferred because of its flexi- 
bility and because it uses existing components. The 
device 14 with one controller card can be used with one 
brightness adjustment card to affect a single image or 
with a larger number of cards to affect a larger number 
of images. In the claims below, the expression "detail 
element" is used to refer to a portion of a video image. 
The detail element may be a pixel or it may be any other 
size portion of a video image. 

Claims 

1 . Method for smoothing the brightness of at least two 
adjoining overlapping video images, the video 
images being produced from at least two discrete 
video signals, the signals comprising a plurality of 
detail elements, each detail element having a size 
between a fraction of a pixel of said video images 
and a plurality of pixels of said video images and 
each element having a brightness component, the 
method comprising: 

a) applying a predetermined set of smoothing 
factors to the brightness components of the 
detail elements of the at least two video 
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images, each smoothing factor being associ- 
ated with the detail element to which it is 
applied; and 5. 

b) projecting the images, as modified by the 5 
smoothing factors, on a display; 
characterized by 

c) modifying individual smoothing factors inde- 
pendently of one another in response to the 10 6. 
appearance of the projected images; and 

d) storing modified smoothing factors. 

2. The method of claim 1 , wherein the step of modify- is 
ing comprises: 

7. 

projecting a cursor indicating the image loca- 
tion corresponding to a specific detail element 
onto the display; and 20 8. 

modifying the smoothing factor associated with 
the specific detail element. 



smoothing factors on the monitor. 

The method of claim 1, wherein the video signal 
comprises an analog voltage signal which varies in 
amplitude over time and wherein the predetermined 
set of smoothing factors is used to modify the ana- 
log voltage signal which varies in amplitude over 
time. 

The method of claim 1, wherein the video signals 
comprise a plurality of color components each hav- 
ing a brightness component for each detail element 
and wherein each smoothing factor is associated 
with the brightness component of a specific color 
component 

The method of claim 1 , wherein each detail element 
corresponds to a single pixel. 

Memory means adapted to a video projecting sys- 
tem and containing smoothing factors generated 
according to the method of one of claims 1 to 7. 



3. The method of claim 2, wherein the step of modify- 
ing further comprises: 25 

moving the projected cursor to indicate the 
image location of a different specific detail ele- 
ment; 

30 

modifying the smoothing factor associated with 
the different specific detail element; and 

repeating the steps of moving the cursor and 
modifying the smoothing factor until a desired 35 
appearance for the projected images has been 
obtained. 

4. The method of claim 1 , comprising: 

40 

plotting a representation of at least a portion of 
the set of smoothing factors with a predeter- 
mined smoothness as a continuous function of 
smoothing function amplitude versus the loca- 
tion of the detail element with which the as 
smoothing factor is associated; 

displaying the representation on a monitor; 

changing the amplitude of selected smoothing so 
factor; 



9. Apparatus for smoothing the brightness of a video 
image in a video image display system wherein the 
video image is produced from the video signal com- 
prising synchronization signals and having a plural- 
ity of detail elements, each detail element having a 
size between a fraction of a pixel of said video 
image and plurality of pixels of said video image 
and having a brightness component, the apparatus 
comprising: 

an input port (32) for receiving the video signal; 

a detector (36) for detecting the synchroniza- 
tion signals of the received video signal and 
generating a detail element identification signal 
in response to said synchronization signals; 

a memory having a plurality of registers, each 
for storing a smoothing factor, each smoothing 
factor being associated with a specific detail 
element and indicating a specific brightness 
adjustment to be applied to the detail element 
with which it is associated; 

an addresser (42) for accessing, in response to 
a detail element identification signal, the stored 
smoothing factor from the memory which is 
associated with the identified detail element; 



changing the amplitudes of smoothing factors 
near the changed smoothing factor in an 
amount sufficient to maintain the predeter- 55 
mined smoothness of the displayed plot; and 

displaying a representation of the changed 



means for applying the accessed smoothing 
factors specific brightness adjustment to the 
detail element with which it is associated; and 

an output port (50) for transmitting the resulting 
video signal 
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characterized in that 

the memory (44) contains smoothing factors 
generated according to the method of one of 
claims 1 to 7. 

10. Apparatus for smoothing the brightness of overlap 
areas in partially overlapping video images in a 
video image display system wherein the video 
images are produced from a plurality of video signal 
generators for producing video signals and pro- 
jected on a display by a plurality of projectors, each 
video signal comprising synchronization signals 
and having a plurality of detail elements, each detail 
element having a size between a fraction of a pixel 
of said video image and a plurality of pixels of said 
video image and having a brightness component, 
the apparatus comprising a plurality of video 
processing circuits (30A, 30B, 30C), each includ- 
ing: 

an input port (32) for receiving one of the plural- 
ity the video signals; 

a detector (36) for detecting the synchroniza- 
tion signals of the received video signal and 
generating a detail element identif ication signal 
in response to said synchronization signals; 

a memory having a plurality of registers, each 
for storing a smoothing factor, each smoothing 
factor being associated with a specific detail 
element and indicating a specific brightness 
adjustment to be applied tot the detail element 
with which it is associated; 

an addresser (42) for accessing, in response to 
a detail element identification signal, the stored 
smoothing factor from the memory which is 
associated with the identified detail element; 

means for applying the accessed smoothing 
factors specific brightness adjustment to the 
detail element with which it is associated; and 

an output port (50) for transmitting the resulting 
video signal 
characterized by 

the memory containing smoothing factors gen- 
erated according to the method of one of 
claims 1 to 7, 

the apparatus comprising one common 
smoothing device (14), including the plurality of 
video processing circuits (3QA 30B, 30C), cou- 
pled between the video signal generators (10A, 
10B, 10C) and projectors (16A, 16B, 16C) for 



enabling simultaneous adjustment of individual 
brightness components of the partially overlap- 
ping images in the overlap areas. 

5 11. Apparatus according to one of claims 9 or 1 0, 
characterized in that 

the memory (44) contains a unique set of 
smoothing factor words for each one of a plu- 
10 ralrty of scan lines defining the video image and 

each register address stores smoothing factors 
that can be applied to the video image for inde- 
pendently adjusting the brightness of different 
portions of the video image. 

15 

12. The apparatus of one of claims 9 to 1 1, wherein the 
detector (36) comprises a counter tor generating a 
predetermined number of identification signals fol- 
lowing each synchronization signal. 

20 

1 3. The apparatus of one of claims 9 to 1 1 , wherein the 
video signal comprises horizontal synchronization 
signals and the identification of detail elements by 
the detector (36) comprises detection of the hori- 

25 zontal synchronization signals. 

14. The apparatus of one of claims 9 to 1 1, wherein the 
video signal comprises vertical synchronization sig- 
nals and identification of detail elements by the 

30 detector (3) comprises detection of vertical syn- 
chronization signals. 

1 5. The apparatus of one of claims 9 to 1 1 , wherein the 
video signal detail elements are received serially. 

35 wherein the detail element identification signals are 
generated serially, and wherein the addresser (42) 
comprises a sequencer for serially addressing 
sequential registers of the memory (44). 

40 1 6. The apparatus of one of claims 9 to 1 1 , wherein the 
memory (44) is a random access memory. 

1 7. The apparatus of one of claims 9 to 1 1 , wherein the 
video signal is received in an analog format and the 

45 smoothing factors are stored in a digital format said 
means for applying the smoothing factors specific 
brightness adjustment comprising: 

a digital-to-analog converter (46) for converting 
so digital smoothing factors to an analog format 

brightness adjustment; and 
a multiplier (38) for multiplying the converted 
brightness adjustment with the corresponding 
analog detail element portion of the analog 
55 video signal. 

18. The apparatus of one of claims 9 to 11, further 
includng a cursor generator (52) comprising a cur- 
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sor detector responsive to a pre-identif ied smooth- 
ing factor brightness adjustment indication, the 
cursor detector sensing the ore-identified indica- 
tion, the cursor generator generating cursor detail 
element in response thereto, and superimposing 5 
the cursor detail element on the detail element with 
which the smoothing factor is associated. 

19. The apparatus of claim 18, wherein the cursor gen- 
erator (52) comprises a switch (54) for receiving the 10 
video signal after the smoothing factors have been 
applied, and for replacing cursor detail elements 
with which the pre-identified indication is associ- 
ated with a generated cursor detail element. 

20. The apparatus of one of claims 9 to 1 1 , further com- 
prising: 

a second input port for receiving smoothing 
factors from an external source; and 20 

a bus tor writing the smoothing factors into the 
memory. 

21 . The apparatus of one of claims 9 to 11 , comprising 25 
a second input port, detector, memory, addresser, 
multiplexer and output port for smoothing the 
brightness of a further video image. 

22. The apparatus of claim 21, comprising: 30 

a third input port for receiving smoothing fac- 
tors from an external source; and 

a bus for writing the smoothing factors into the 35 
memory. 

23. Apparatus according to claim one of claims 9 to 1 1 , 
characterized by 

40 

the video signal having a plurality of color com- 
ponents for each detail element, each color 
component having a brightness component, 
and wherein a unique set of smoothing factors 
is associated with each specific color compo- 45 
nent. 

Paterrtanspruche 

1. Verfahren zur Giattung der Helligkeit von minde- so 
stens zwei benachbarten , uberlappenden Videobil- 
dern, wobei die VTdeobilder von zumindest zwei 
einzelnen Videosignalen erzeugt werden, die 
Signale eine MehrzaM von Einzelelemerrten umfas- 
sen, jedes EinzeleJement die GrOfte zwischen 55 
einem Bruchtei! eines Pixels der Videobilder und 
einer Mehrzahl von Pixeln der VTdeobilder aufweist 
und jedes Element eine Helligkeitskomponente hat, 



wobei das Verfahren umfasst: 

a) Anwenden eines vorbestimmten Satzes von 
Giattungsfaktoren auf die Helligkeitskompo- 
nenten der Einzelelemente der zumindest zwei 
Videobilder, wobei jeder Giattungsfaktor dem 
Einzelelement zugeordnet ist, auf das er ange- 
wendetwird; und 

b) Projizieren der durch die Giattungsfaktoren 
abgeanderten Bilder auf eine Anzeigeeinrich- 
tung; 

gekennzeichnet durch 

c) Abandern einzelner Giattungsfaktoren unab- 
hangig voneinander in Antwort auf das Ausse- 
hen der prpjizierten Bilder; und 

d) Speichern der abgeanderten Giattungsfak- 
toren. 

2. Verfahren des Anspruchs 1 , bei dem Abanderungs- 
schritt umfasst: 

Projizieren eines Pfeils auf die Anzeige, der 
den BiWort angibt, der einem bestimmten Ein- 
zelelement entspricht, und 
Abandern des Giattungsfaktors, der dem 
bestimmten Einzelelement zugeordnet ist. 

3. Verfahren des Anspruchs 2, wobei der Abande- 
rungsschrrtt des Weiteren umfasst: 

Bewegen des projizierten Pfeils, urn den Bildort 
eines unterschiedlichen, bestimmten Einzel- 
elements anzugeben, 

Abandern des Giattungsfaktors, der dem unter- 
schiedlichen, bestimmten Einzelelement zuge- 
ordnet ist, und 

Wiederholen der Schritte zur Bewegung des 
Pfeils und zur Abdnderung des Giattungsfak- 
tors, bis ein erwOnschtes Aussehen der proji- 
zierten Bilder erhalten worden ist 

4. Verfahren des Anspruchs 1 , das umfasst: 

Auftragen einer Darstellung von zumindest 
einem Teil des Satzes von Giattungsfaktoren 
rnit einer vorbestimmten QStte als stetige 
Funktion einer Giattungsfektoramplitude als 
Funktion des Orts des Einzelelements, dem 
der Giattungsfaktor zugeordnet ist, 

Anzeigen der Darstellung auf einem Monitor, 

Andern der Amplitude des ausgewahtten Giat- 
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tungsfaktors. 

Andem der Amplituden von Glattungsfaktoren 
nahe dem geanderten Giattungsfaktor mit 
einem Wert, der ausreicht, die vorbestimmte 5 
Qatte der angezeigten Auftragung beizubehal- 
ten, und 

Anzeigen einer Darsteliurtg der geanderten 
Glattungsfaktoren auf dem Monitor. w 

5. Verfahren des Anspruchs 1, bei dem das Videosi- 
gnai ein analoges Spannungssignal umfasst, des- 
sert Amplitude sich mit der Zeit andert, und bei dem 
der vorbestimmte Satz von Glattungsfaktoren ver- is 
wendet wird, das analoge Spannungssignal abzu- 
andern, dessen Amplitude sich mit der Zeit andert 

6. Verfahren des Anspruchs 1 , bei dem die VTdeosi- 
gnale eine Mehrzahl von Farbkomponenten umfas- 20 
sen, die jeweils eine Helligkeitskomponente fur 
jedes Einzelelement aufweisen, und bei dem jeder 
Qattungsfaktor der Helligkeitskomponente einer 
bestimmten Farbkomponente zugeordnet ist 

25 

7. Verfahren des Anspruchs 1, bei dem jedes Einzel- 
element einem einzelnen Pixel entspricht 

8. Speichereinrichtung, die an ein VkJeoprojekiions- 
system angepasst ist und Glattungsfaktoren ent- 30 
halt, die gemaB dem Verfahren nach einem der 
Anspruche 1 bis 7 erzeugt wurden. 

9. Vorrichtung zur Giattung der Helligkeit eines Video- 
bilds in einem Videobikfanzeigesystem, wobei das 35 
Videobild von dem VideosignaJ erzeugt wird, das 
Synchronisiersignale umfasst und eine Mehrzahl 
von Einzelelementen aufweist, wobei jedes Einzel- 
element eine GrOBe zwischen einem Bruchteil 
eines Pixels des Videobilds hat und einer Mehrzahl 40 
von Pixeln des Videobilds und eine Helligkeitskom- 
ponente aufweist, wobei die Vorrichtung umfasst: 



dem er zugeordnet ist 

eine Adressiereinrichtung (42) zum Zugrrff auf 
den gespeicherten Giattungsfaktor in dem 
Speicher, der dem gekennzeichneten Einzel- 
element zugeordnet ist in Antwort auf ein Ein- 
zelelemerrtkennzeichnungssignal 

eine Einrichtung, zum Anwenden der bestimm- 
ten HeJIigkertseinstellung des Glattungsfaktors, 
auf den zugegriffen wurde, auf das Einzelele- 
ment dem er zugeordnet ist, und 

ein Ausgangsport (50) zur Ubertragung des 
sich ergebenden Videosignals, dadurch 
gekennzeichnet, 

dass der Speicher (44) Glattungsfaktoren ent- 
halt, die entsprechend dem Verfahren nach 
einem der Anspruche 1 bis 7 erzeugt worden 
sind. 

1 0. Vorrichtung zum Glatten der Helligkeit von Uberlap- 
pungsbereichen von teirweise uberlappten Video- 
bildern in einem Videobildanzeigesystem, in dem 
die Videobilder von einer Mehrzahl von Videosi- 
gnalgeneratoren zur Erzeugung von VTdeosignalen 
erzeugt und durch eine Mehrzahl von Prpjektoren 
auf eine Anzeige projiziert werden, jedes Videosi- 
gnal Synchronisiersignale umfasst und eine Mehr- 
zahl von Einzelelementen aufweist, jedes 
Einzelelement ein GrfiBe zwischen einem Bruchteil 
eines Pixels des Videobilds und einer Mehrzahl von 
Pixeln des Videobilds und eine Helligkeitskompo- 
nente aufweist, wobei die Vorrichtung eine Mehr- 
zahl von Videoverarbeitungsschaitungen (30A, 
30B, 30C) umfasst von denen jede aufweist: 

einen Eingangsport (32) zum Empfang des 
VkJeosignals, 

eine Erfassungseinrichtung (36) zum Ertassen 
der Synchronisiersignale des empfangenen 
VTdeosignals und zum Erzeugen eines EinzeJe- 
merttkennungssignals in Antwort auf die Syn- 
chronisiersignale, 

einen Speicher mit einer Mehrzahl von Regi- 
stern, von denen jedes einen Giattungsfaktor 
speichert wobei jeder Giattungsfaktor einem 
bestimmten Einzelelement zugeordnet ist und 
eine bestimmte HeJIigkertseinstellung angibt, 
die auf das Einzelelement anzuwenden ist 
dem er zugeordnet ist 

eine Adressiereinrichtung (42) zum Zugrrff auf 
den gespeicherten Giattungsfaktor in dem 
Speicher, der dem gekennzeichneten Einzel- 



einen Eingangsport (32) zum Empfang des 
Videosignals, 45 

eine Erfassungseinrichtung (36) zum Erfassen 
der Synchronisiersignale des empfangenen 
Videosignals und zum Erzeugen eines Einzele- 
mentkennungssignals in Antwort auf die Syn- 50 
chronisiersignale, 

einen Speicher mit einer Mehrzahl von Regi- 
stern, von denen jedes einen Giattungsfaktor 
speichert, wobei jeder Giattungsfaktor einem 55 
bestimmten Einzelelement zugeordnet ist und 
eine bestimmte Helligkeitseinstellung angibt, 
die auf das Einzelelement anzuwenden ist, 
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element zugeordnet tst in Antwort auf ein Ein- 
zelelementkennzeichnungssignal 

eine Einrichtung, zum Anwenden der bestimm- 
ten Heliigkeitseinstellungdes Gftttungsfaktors, 
auf den zugegriffen wurde, auf das EinzeJele- 
ment, dem er zugeordnet ist, und 

ein Ausgangsport (50) zur Ubertragung des 
sich ergebenden Videosignals, dadurch 
gekennzefchnet, 

dass der Speicher (44) Giattungsfakioren ent- 
hait, die errtsprechend dem Vertahren nach 
einem der Anspruche 1 bis 7 erzeugt worden 
sind. 

die Vorrichtung eine gemeinsame Glattungs- 
einrichtung (14) umfasst, die die Mehrzahl von 
Videoverarbeitungsschaltungen (30A, 30B. 
30C) umfasst die zwischen den Videosignal- 
generatoren (10A, 10B, 10C) und Projektoren 
(16A, 16B, 16C) verbunden sind, um eine 
gleichzeitige Einstellung einzelner Helligkeits- 
komponenten der sich teilweise uberlappen- 
den Bilder in den Ubertappungsbereichen zu 
ermOglichen. 

11. Vorrichtung gemSB einem der Anspruche 9 Oder 
10, 

dadurch gekennzeichnet, 

dass der Speicher (44) einen einzigen Satz von 
GiattungsfaktorwOrtern fur jede der Mehrzahl 
von Abtastzeilen enthdlt, die das Videobild 
definieren, und jede Registeradresse Giat- 
tungsfaktoren speichert, die auf das Videobild 
angewendet werden kOnnen, um die Helligkeit 
unterschiedlicher Bereiche des Videobilds 
unabhangig einzustellen. 

12. Vorrichtung nach einem der Anspruche 9 bis 11 , in 
der die Erfassungseinrichtung (36) einen Zahler zur 
Erzeugung einer vorbestimmten Anzahl von Kenn- 
zeichnungssignalen nach jedem Synchronisiersi- 
gnal umfassi. 

13. Vorrichtung nach einem der Anspruche 9 bis 1 1 , in 
der das Videosignal horizontale Synchronisierst- 
gnale umfasst und die Kennzeichnung von Einzel- 
elementen durch die Erfassungseinrichtung (36) 
die Erfassung der horizontalen Synchronisiersi- 
gnale umfasst. 

14. Vorrichtung nach einem der AnsprOche 9 bis 1 1 , in 
der das Videosignal vertikale Synchronisiersignale 
umfasst und die Kennzeichnung der Einzelele- 
mente durch die Erfassungseinrichtung (36) die 



Erfassung vertikaler Synchronisiersignale umfasst 

15. Vorrichtung nach einem der AnsprOche 9 bis 11, in 
der die Videosignaleinzelelemente seriell erhalten 
5 werden, die Einzelelementkennzeichnungssignale 
seriell erzeugt werden und die Adressiereinrichtung 
(42) einen Sequenzer umfasst, um sequentielle 
Register des Speichers (44) seriell zu adressieren. 

10 1 6. Vorrichtung nach einem der Anspruche 9 bis 1 1 , in 
der der Speicher (44) ein Speicher mit wahlfreiem 
Zugriff ist. 

17. Vorrichtung nach einem der Anspruche 9 bis 1 1 , in 
is der das Videosignal in einem analogen Format 
erhalten wird und die Giattungsfaktoren in einem 
digitalen Format gespeichert sind, wobei die Ein- 
richtung zum Anwenden der bestimmten Hellig- 
keitseinstellung der Giattungsfaktoren umfasst: 

20 

einen Digital-/Analogwandler (46) zur 
Umwandlung digitaler Giattungsfaktoren in 
eine Helligkeitseinstellung im analogen For- 
mat, und eine Multiplikationseinricntung (38) 
25 zur Multiplikation der umgewandelten Hellig- 

keitseinstellung mit dem entsprechenden ana- 
logen Einzelelementbereich des analogen 
Videosignals. 

30 18. Vorrichtung nach einem der AnsprOche 9 bis 11, die 
des Weiteren einen Pfeilgenerator (52) aufweist, 
der eine Pfeilerfassungseinrichtung umfasst die 
auf eine vorgekennzeichnete Giattungsfaktorhelfig- 
keitseinstellungsangabe reagiert, wobei die Pfeiler- 

35 fassungseinrichtung die vorgekennzeichnete 
Angabe erf asst. der Pfeilgenerator ein Pfeileinzel- 
element in Antwort darauf erzeugt und das Pfeilein- 
zelelement dem Einzelelemente uberlagert, dem 
der Giattungsfaktor zugeordnet ist 

40 

19. Vorrichtung des Anspruchs 18, in der der Pfeilgene- 
rator (52) einen Schatter (54) zum Empfang des 
Videosignals, nachdem die Giattungsfaktoren 
angewendet worden sind, und zum Ersetzen von 

45 Pfeileinzelelementen umfasst, denen die vorge- 
kennzeichnete Angabe zugeordnet ist, durch ein 
erzeugtes Pfeileinzelelement 

20. Vorrichtung nach einem der AnsprOche 9 bis 1 1 , die 
so des Weiteren umfasst: 

einen zweiten Eingangsport zum Empfang von 
Giattungsfaktoren von einer externen Quelle, 
und 

55 

einen Bus zum Einschreiben der Giattungsfak- 
toren in den Speicher. 
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21 . Vorrichtung nach einem der Anspruche 9 bis 1 1 , die 
einen zweiten Eingangsport, eine Erfassungsein- 
richtung, einen Speicher, eine Adressiereinrich- 
tung, einen Multiplexer und einen Ausgangsport zur 
Glattung der Helligkeit eines weiteren Videobilds 5 
umiasst 



une projection d un curseur indiquant Pempla- 
cement d'image correspondant a un element 
de detail particulier sur le dispositrf de visuali- 
sation ; et, 

une modification du facteur de lissage associe 
a I'element de detail particulier. 



22. Vorrichtung nach Anspruch 21 , die umfasst: 

einen dritten Eingangsport zum Empfang von 10 
Qattungsfaktoren von einer externen Quelle 
und 

einen Bus zum Einschreiben der Glattungsfak- 
toren in den Speicher. is 

23. Vorrichtung nach einem der Anspruche 9 bis 11 . 
dadurch gekennzeichnet, 

dass das Vldeosignal eine Mehrzahl Farbkom- 20 
ponenten fur jedes Einzelelement aufweist, 
jede Farbkomponente eine Helligtertskompo- 
nente aufweist und jeder bestimmten Farbkom- 
ponente ein einziger Satz von 
Glattungsfaktoren zugeordnet ist. 25 

Revendications 

1. Procede pour lisser la luminosity d'au moins deux 
images video voisines se recouvrant, les images 30 
video etant procluites a partir d'au moins deux 
signaux video discrete, les signaux comprenant 
une plurality d'elements de detail, chaque element 

de detail ayant une taiile entre une fraction d un 
pixel desdites images video et une plurality de 35 
pixels desdites images video et chaque element 
ayant une composarrte de luminosity, le procede 
comprenant : 

a) une application d'un groupe predetermine 40 
de facteurs de lissage aux composantes de 
luminosity des elements de detail des deux au 
moins images video, chaque facteur de lissage 
etant associe a I'element de detail auquel il est 
applique ; et « 

b) une projection des images, telles que modi- 
fiees par les facteurs de lissage, sur un dispo- 
sitif de visualisation ; 

caracterise par : 

c) une modification de facteurs de lissage indi- so 
viduels independamment Tun de Tautre en 
reponse a I'aspect des images projetees ; et, 

d) enregistrement des facteurs de lissage 
modifies. 

55 

2. Procede selon la revendication 1. dans lequel 
I'etape de modification comprend : 



3. Procede selon la revendication 2, dans lequel 
I'etape de modification comprend en outre : 

un deplacemertt du curseur projete pour indi- 
quer ['emplacement d'image d'un element de 
detail particulier different ; 
une modification du facteur de lissage associe 
a Pelement de detail particulier different ; et. 
une repetition des etapes de deplacement du 
curseur et de modification du facteur de lissage 
jusqu'a ce qu'un aspect voulu des images pro- 
jetees ait ete obtenu. 

4. Procede selon la revendication 1, comprenant : 

un tragage de representation cfau moins une 
partie du groupe de facteurs de lissage ayant 
une quality de lissage predeterminee comme 
fonction continue de ramplitude de fonction de 
lissage en fonction de Templacement de I'ele- 
ment de detail auquel le facteur de lissage est 
associe ; 

une visualisation de la representation sur un 
moniteur ; 

un changement de ramplitude d'un facteur de 
lissage selectionn& ; 

un changement des amplitudes des facteurs 
de lissage proches du facteur de lissage 
change en quantity suffisante pour maintenir la 
qualite de lissage predeterminee de la courbe 
visualisee ; et, 

une visualisation de representation des fac- 
teurs de lissage changes sur le moniteur. 

5. Procede selon la revendication 1 , dans lequel le 
signal video comprend un signal de tension analo- 
gique dont ramplitude varie dans le temps et dans 
lequel le groupe predetermine de facteurs de lis- 
sage est utilise pour modifier le signal de tension 
analogique dont ramplitude varie dans le temps. 

6. Procede selon la revendication 1, dans lequel les 
signaux video comprennent une plurality de com- 
posantes de couleur ayant. chacune une compo- 
sarrte de luminosity pour chaque element de detail 
et dans lequel chaque facteur de lissage est asso- 
cie a la composante de luminosity d'une compo- 
sarrte de couleur particuliere. 

7. Procedy selon la revendication 1 , dans lequel cha- 
que element de detail correspond a un pixel unique. 
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8. Moyens k memoire adapt§s k un systeme de pro- 
jection video et contenant des facteurs de lissage 
generes selon le proced§ de f'une des revendica- 
tions 1 a 7. 

5 

9. Appareii pour lisser la luminosity d'une image video 
dans un systeme de visualisation dlmages video 
ou Cimage video est produite a partir du signal 
video comprenant des signaux de synchronisation 

et comportant une plurality cfelements de detail, 10 
chaque element de detail ayant une taille erttre une 
fraction d'un pixel de ladite image video et une plu- 
rality de pixels de ladite image video et ayant une 
composante de luminosity le dispositif comprenant 



une porte d'acces d'entree (32) pour recevoir le 
signal video ; 

un detecteur (36) pour dytecter les signaux de 
synchronisation du signal video recu et gSnerer 20 
un signal dldentrfication d'element de detail en 
reponse auxdits signaux de synchronisation ; 
une mymoire comportant une pluralite de 
registres, chacun pour enregistrer un facteur 
de lissage, chaque facteur de lissage etant 25 
associe a un element de detail particulier et 
indiquant un reglage de luminosity particulier a 
appliquer a pyiement de detail auquel il est 
associe ; 

un circuit d'adressage (42) pour acceder, en 30 
reponse k un signal d'identification d'element 
de detail, au facteur de lissage enregistre dans 
la mymoire qui est associy k I'element de detail 
identrfie ; 

des moyens pour appliquer le reglage de lurrd- 35 
nosite particulier du facteur de lissage adresse 
^ I'element de detail auquel il est associe ; et 
une porte d'acces de sortie (50) pour transmet- 
tre le signal video resultant, 
caracterise en ce que la memoire (44) content 40 
des facteurs de iissage generes selon le pro- 
c§d6 de Tune des revendications 1 k 7. 

10. Appareii pour lisser la luminosity de zones de 
recouvrement dans des images video se recou- 45 
vrant partiellement dans un systeme de visualisa- 
tion dlmages video ou les images video sont 
produites par une pluralite de generateurs de 
signaux video pour produire des signaux video et 
projetees sur un dispositif de visualisation par une so 
pluralite de projecteurs, chaque signal video com- 
prenarrt des signaux de synchronisation et compor- 
tant une plurality d'elements de detail, chaque 
element de detail ayant une taille entre une fraction 
d'un pixel de ladite image video et une plurality de 55 
pixels de ladite image video et ayant une compo- 
sante de luminosity, Pappareil comprenant une plu- 
rality de circuits de traitement video (30A. 30B. 



3QC), chacun incluant : 

une porte d'acces d'entrye (32) pour recevoir 
I'un de la plurality des signaux video ; 
un dytecteur (36) pour detecter les signaux de 
synchronisation du signal video recu et gen£rer 
un signal d'identification tfyiyment de detail en 
reponse auxdits signaux de synchronisation ; 
une memoire comportant une plurality de 
registres, chacun pour enregistrer un facteur 
de lissage, chaque facteur de iissage etant 
associy a un element de detail particulier et 
indiquant un reglage de luminosity particulier a 
appliquer a I'element de detail auquel il est 
associy; 

un circuit d'adressage (42) pour acceder, en 
reponse a un signal d'identification d'yiyment 
de detail, au facteur de lissage enregistry dans 
la memoire qui est associy a ('element de detail 
identH iy ; 

des moyens pour appliquer le reglage de lumi- 
nosity particulier du facteur de lissage adressy 
a ryiement de detail auquel il est associy ; et 
une porte d'acces de sortie (50) pour transmet- 
tre le signal video resultant 
caractyrisy par la mymoire contenant des fac- 
teurs de lissage gyneres selon le procedy de 
Tune des revencfications 1 a 7, 
Tappareil comprenant un dispositif de lissage 
commun (14), incluant la plurality de circuits de 
traitement video (30A, 30B, 30C), coupiy entre 
les gynerateurs de signaux video (10A, 10B, 
10C.) et des projecteurs (16A, 16B, 16C) pour 
permettre un reglage simultany des compo- 
santes de luminosity individuelles des images 
se recouvrant partiellement dans les zones de 
recouvrement. 

11. Appareii selon I'une des revendications 9 et 10. 
caracterise en ce que la mymoire (44) contient un 
groupe unique de mots de facteur de lissage pour 
chacune d'une plurality de lignes de balayage del i- 
nissant llmage video et k chaque adresse de regis* 
tre sont enregtstres des facteurs de lissage qui 
peuvent etre appliques a I'image video indypen- 
damment du reglage de la luminosity de drff erentes 
parties de llmage vidya 

12. Appareii selon Tune des revendications 9 a 11, 
dans lequel le dytecteur (36) comprend un comp- 
teur pour engendrer un nombre predeterminy de 
signaux d'identrfication a la suite de chaque signal 
de synchronisation. 

13. Appareii selon Tune des revendications 9 A 11, 
dans lequel le signal video comprend des signaux 
de synchronisation horizontal et Identification des 
elements de detail par le dytecteur (36) comprend 
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une detection des signaux de synchronisation hori- 
zontale. 

14. Appareil seton rune des revendications 9 a 11. 
dans lequel le signal video comprend des signaux 
de synchronisation verticale el ('identification des 
elements de detail par le detecteur (36) comprend 
une detection de signaux de synchronisation verti- 
cale. 

15. Appareil selon Tune des revendications 9 a 11, 
dans lequel les elements de detail de signal video 
sont recus en serie, dans lequel les signaux dlden- 
tification d'element de detail sont engendres en 
serie, et dans lequel le circuit d'adressage (42) 
comprend un circuit de mise en sequence pour 
adresser en sene des registres sequentiels de la 
memoire (44). 

16. Appareil selon Tune des revendications 9 a 11, 
dans lequel la memoire (44) est une memoire vive. 



comprenant en outre : 

une deuxieme porte d'acces d'entree pour 
recevoir des facteurs de Iissage d'une source 
5 externe ; et, 

un bus pour ecrire les facteurs de Iissage dans 
la memoire. 

21. Appareil selon Tune des revendications 9 a 11, 
w comprenant une deuxieme porte d'acces d'entree, 
un detecteur, une memoire, un circuit d'adressage, 
un multiplexeur et une porte d'acces de sortie pour 
lisser la luminosite d'une autre image video. 

is 22. Appareil selon la revendication 21 , comprenant : 

une troisieme porte d'acces d'entree pour rece- 
voir des facteurs de Iissage d'une source 
externe ; et, 

20 un bus pour ecrire les facteurs de Iissage dans 

la memoire. 



17. Appareil selon Tune des revendications 9 a 11, 
dans lequel le signal video est recu dans un format 
analogique et les facteurs de Iissage sont enregis- 
tres dans un format numerique, lesdits moyens 
pour appliquer le reglage de luminosite particulier 
de facteurs de iissage comprenant : 

un convertisseur numerique-analogique (46) 
pour convertir des facteurs de Iissage numen- 
ques en un reglage de luminosite de format 
analogique ; et, 

un multipiicateur (38) pour multiplier le reglage 
de luminosite converti par la partie d'element 
de detail analogique correspondante du signal 
video analogique. 

18. Appareil selon Tune des revendications 9 a 11, 
induant en outre un generateurde curseur (52) qui 
comprend un detecteur de curseur reagissant a 
une indication de reglage de luminosite de facteur 
de Iissage pre-identif iee, le detecteur de curseur 
detectant Hndication pre-identifiee, le generateur 
de curseur generant un element de detail de cur- 
seur en reponse a celle-ci, et superposant relement 
de detail de curseur a relement de detail auquel le 
facteur de iissage est associe. 



23. Appareil selon I'une des revendications 9 a 11, 
caracterise par le signal video ayant une plurality 
de composarrtes de couleur pour chaque element 
de detail, chaque composante de couleur ayant une 
composante de luminosity, et dans lequel un 
groupe unique de facteurs de Iissage est associe a 
chaque composante de couleur particuliere. 
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19. Appareil selon la revendication 18, dans lequel le so 
generateurde curseur (52) comprend un cornmuta- 
teur (54) pour recevoir le signal video apres que les 
facteurs de Iissage ont ete appliques, et pour rem- 
placer des elements de detail de curseur auxquels 
Hndication pre-identif iee est associee par un ele- 55 
ment de detail de curseur genere. 

20. Appareil seton lune des revendications 9 a 11, 
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